Within some socially monogamous species, the relative contribution of care provided by each parent varies substantially, from uniparental to equitable biparental care. The provision of care is influenced by its costs and benefits, which may differ between parents (leading to inter-parental "conflict") and are expected to change in relation to the needs of young (which vary with age) and potentially to traits such as their sex. If the fitness benefits to parents differ with the sex of offspring, parents may adjust their investment in young of different sexes to optimize their own fitness. We radio-tracked 42 Red-capped Plover Charadrius ruficapillus broods and found that, at least diurnally, females cared for the brood for the first half of brood-rearing, while gradually reducing care. Males contributed little diurnal care early in brood-rearing, then increased care, taking over from females as young approached independence. The sex-ratio of the brood influenced the division of care between parents; male parents attended the brood more when there were greater proportions of female chicks, whereas female parents attended the brood more when there were a greater proportion of male chicks. This is apparently the first recorded case in a precocial bird where each parents' investment in brood care is influenced by the brood sexratio. Our results defy unambiguous explanation.
INTRODUCTION
Parental care maximizes lifetime fitness and, in socially monogamous species, it manifests itself in 3 forms: biparental care, uniparental care (male-or female-only care), or no care (Webb et al. 1999) . Some species display 2 or more of these care systems, thus exhibiting a "mixed-strategy" of care (Persson and Öhrström 1989; Webb et al. 1999; Székely and Cuthill 2000) . For example, Kentish Plover Charadrius alexandrinus exhibits a "mixed-strategy" of parental care whereby females "trade-off" the continuation of brood care (i.e. remaining) with opportunities to re-nest with a new partner (i.e. abandonment) (Székely and Cuthill 2000) .
For avian species with a "mixed-strategy" of parental care, and where either sex may abandon the young, there is the potential for conflict between the sexes over the continued investment in the current reproductive bout (Székely and Cuthill 2000) . If both parents abandon the young, the young will likely die. However, in some systems, an opportunity exists for one parent to diminish their care, or even abandon young, if the other parent remains or takes over parental care. In this way, parents may "trade-off" their investment in current young with their own future reproductive opportunities Houston et al. 2005; Ringler et al. 2015) . Reduction or cessation of care by one parent may force the remaining parent to increase care or continue care alone. Parents may also "negotiate" the care they will provide by adjusting their effort according to the quality of care provided by their partner (Schwagmeyer and Mock 2003) . Parents reducing or ceasing care may: 1) increase their fitness by initiating a new breeding attempt, or 2) improve their own condition or likelihood of survival thus increasing their future fitness. However, abandoning young too early potentially decreases the quality of care, possibly to the extent that the original breeding attempt fails, as such a parents' decision to abandon young may be tied to the young's survival prospects (Houston et al. 2005; Vincze et al. 2013) . Indeed, for many altricial species, the requirement for parental care increases with age of the young due to increased energetic requirements and greater conspicuousness to predators (Andersson et al. 1980) . Precocial young generally require parental support of thermoregulation during the early stages of dependence, and their predator escape capacity increases with age (Jackson et al. 2009 ). The value of young to parents increases with the age of the young, in terms of the young's increasing future survival prospects (Andersson et al. 1980; Cézilly et al. 1994 ). Thus, a critical factor influencing ongoing parental care is age of the young.
There is a wealth of studies on parental care in birds in general, and of parental care in relation to age of young (Romano et al. 2016) . Some of these studies also examine the effect of sex of the young, which can be manipulated by at least some birds, through adjustment of the sex-ratio of eggs (Clout et al. 2002; Székely et al. 2004; Canestrari et al. 2012) . If ecological or social circumstances differentially influence the fitness benefits of the sex of young produced, parents should adjust their parental investment according to the sex of their young (Ellegren et al. 1996; Cordero et al. 2001; Székely et al. 2004) . A number of studies report that avian parents adjust care in relation to the sex of their young. For example, Barn Swallows Hirundo rustica preferentially feed (highlycolored) male chicks, Eastern Bluebird Sialia sialis fathers are more defensive of more colorful sons than of duller sons or daughters, and Budgerigar Melopsittactus undulatus fathers feed female-dominated broods more than male-dominated broods (Stamps et al. 1987; Barrios-Miller and Siefferman 2013; Romano et al. 2016) . However, few of such examples report instances where both parents mediate care based on the sex of young (Harper 1985; Vega et al. 2007) . Only one of the aforementioned examples describes a system where both parents preferentially invest in young of the opposite sex; male European Robins Erithacus rubecula, preferentially feed female chicks; meanwhile, females preferentially feed male chicks (Harper 1985) . The extreme cessation of care is infanticide, and sex-biased infanticide, mediated by the needs of the young and prevailing environmental conditions, has been reported for Eclectus Parrots Eclectus roratus (Heinsohn et al. 2011 ). To date, the studies which indicate differential care according to the sex of the young in birds are from species with sexually dimorphic young (Heinsohn et al. 2011; Barrios-Miller and Siefferman 2013; Romano et al. 2016) . A handful of studies have examined whether sex of the young influences parental care in birds with monomorphic young. These studies suggest that sexual monomorphism among chicks is not a barrier to a parents' ability to differentially invest in care according to the sex of a chick (Stamps et al. 1987; Mainwaring et al. 2011) .
More studies are required across a wider range of taxa to examine whether the sex of young is associated with adjustments in parental care. Such adjustments could provide further insight into mating systems, and have implications for understanding population dynamics, including the conservation management of threatened species. Here, we examine the role of the sexes in parental care of Red-capped Plovers Charadrius ruficapillus, a species with sexually dimorphic adults and sexually monomorphic precocial young. Red-capped Plovers employ a complex division of incubation where costs of incubation relate to their dichromatic plumage; males, being brightly colored incubate by night, while females, that are better camouflaged than males incubate by day (Marchant and Higgins 1993; Ekanayake et al. 2015) . Specifically, we examine whether parental care varies between male and female parents and with the age or sex-ratio of the brood.
MATERIALS AND METHODS

Study system
The study population of Red-capped Plovers at Cheetham Wetlands, Point Cook Coastal Park (37°53'56"S, 144°47'33"E), south-eastern Australia, has been monitored for 7 consecutive years (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) and is characterized by consistently low breeding success (Weston MA, unpublished data.). To increase hatching and fledging success, a predator exclosure program has been implemented since 2012, with substantial success Kostoglou et al. 2017) . Red-capped Plovers typically lay 2 eggs in a shallow scrape; chicks are precocial; and, although parents' brood, shelter, provide alarm signals, and lead the chicks to resources, chicks must feed themselves. Brood care is poorly known but involves both parents, and chicks fledge at approximately 35 days old (Marchant and Higgins 1993; Ekanayake et al. 2015; Lees et al. 2015; Tan et al. 2015) . Here, we measure "direct" parental care (i.e. that associated with close accompaniment of the young). Indirect parental care through, for example, territory defense, is not considered.
Measuring offspring survival and indexing parental care
Systematic searches for nests occurred throughout the breeding season, June 2015 to February 2016. After all eggs in a nest had hatched, chicks were captured, measured, weighed, ringed and had a ~50-µL blood sample taken (from the tarsal vein; for subsequent genetic sexing following Fridolfsson and Ellegren 1999) . One of the brood was randomly chosen for radio-transmitter attachment. The radio-transmitter (Advanced Telemetry Systems; 0.2 g, ≤5% of the bird's weight at hatching; estimated operating life, 12 days) was attached dorsally after Lees et al. (2017) . We radio-tracked 42 chicks from 42 broods (36 broods of 2 chicks and 6 single chick broods; containing 78 chicks total) and obtained 1 focal observation data point per day. Tracked chicks had equivalent survival to those without trackers (Lees D, unpublished data.) . Overall, sex-ratio of young at hatching was parous (0.652 [39 males and 34 females; exact binomial test]; 95% CI = ±0.414; n = 73; P = 0.640), and equivalent numbers of males and females were fitted with trackers (23 males and 19 females; exact binomial test; 95% CI = 0.387, 0.702; n = 42; P = 0.644). Chick radio-tracking occurred between 29 September 2015 and 29 February 2016; all observations occurred diurnally at least 2 h after sunrise and 2 h before sunset. At each observation point we determined: 1) if the tracked chick and/or sibling were alive and 2) which adults were caring for or in the vicinity of the chick/s. Brood monitoring ceased after the chicks fledged (approximately 35 days old) or the death of both chicks. When radio-transmitters were visually identified as having fallen off, the radio-tagged chick was re-captured and a new radiotransmitter was attached. If only the radio-tagged chick died, the surviving sibling was monitored by visually locating the identifiable color-flagged adults and determining whether the un-tagged chick was alive. When radio signals were lost and the parents were located on 3 consecutive occasions without the accompanying chick/s, the chick/s was assumed to have died and monitoring ceased. Five chicks from 5 broods (all containing 2 chicks) could not be captured; these 5 chicks were not seen again after the initial observation (only one of the 2 chicks within the brood was caught). These 5 chicks (that did not have a corresponding sex) and associated data were removed from analysis (73 of 78 chicks were available for analysis). For the purpose of indexing abandonment of the brood by parents, we defined abandonment as the observation of a brood without an individual parent on at least four consecutive occasions before the brood reached fledging age.
Chicks were either of known age, or age was assigned (20 chicks, 13 broods) using a linear regression of 12 known-age chicks (not part of the radio-tracking study) of known-age against tarsus length: 
Statistical analysis
An independent samples t-test confirmed that male and female chicks were not sexually size dimorphic in mass at hatching (t = 0.274; df = 57; P = 0.785). Fourteen of 20 opportunistically encountered chicks were older than 1 day and were omitted from this analysis (59 of 73 chicks used). Two pairs were associated with a second brood; to prevent pseudoreplication, one randomly selected brood from each pair was removed from further analysis of parental care (n = 40). Before analyzing diurnal parental care, we used a Cox proportional hazard regression to test whether chick sex influenced survival. The Cox proportional hazard regression was run with the binomial status of all chicks at the time of death or fledging as a response variable (0 = alive, 1 = deceased), the sex of the chick and brood size as a fixed factor, while brood identity was used as a random effect. This survival analysis revealed that male and female chicks had equivalent survival (Table 1; Figure 1 ). Two separate binary logistic Generalized Additive Mixed Models (GAMMs) investigated whether male or female care were influenced by the age of the brood or the brood sex-ratio. These GAMMs were run with the binomial status of male or female care at each brood visit (0 = absent, not seen with or in the vicinity of the brood; 1 = present, accompanying the brood), as response variables. Brood sexratio was a fixed factor (0 = female chick/s, 0.5 = male and female chick, 1 = male chick/s), chick age and presence or absence of the other parent as covariates, while brood identification was a random effect.
The age at which males and females abandoned broods were analyzed using a Welsh's t-test (Kabacoff 2015) . All statistical tests were conducted in R (R Development Core Team 2015) with the GAMMs in the package "gamm4," the Cox proportional hazard regression and Kaplan-Meier curve generated in the package "survival" and the graphs of brood sex-ratio and parental care in the package "latticeExtra" (Therneau 2015; Sarkar and Andrews 2016; Wood and Scheipl 2017) .
RESULTS
Parental care, brood sex-ratio, and chick age Analysis of diurnal parental care for females revealed significant brood sex-ratio by chick age interactions. Although nonsignificant, there was a relationship (tendency) for a brood sex-ratio by chick age interaction; whereby males were more likely to attend female-biased broods (Table 2; Figure 2 ). After hatching, parental care progressively shifted from a female-dominated state with little male involvement, to a state dominated by the male. The sex-ratio by chick age interactions were such that, as the brood aged, males tended to provide more parental care to broods which contained a greater proportion of females. Meanwhile, as the brood became older, females contributed significantly more care to broods with a greater proportion of male chicks (Figure 2) . These results suggest that males care more for their daughters whereas females care more for their sons.
Brood abandonment
Twenty-eight of the 40 broods (70.0%) fledged at least one chick. Of the 28 broods that produced at least one fledgling, nine (32.1%) were abandoned by one parent. The number of chicks a brood fledged did not influence the likelihood of either parent abandoning (χ 2 ≤ 0.001; df = 1; P = 1.000). Two of the abandoning parents were males; although nonsignificant, more (7) were females (exact binomial test; 95% CI = 0.028; 0.600; n = 9; P = 0.180). Brood abandonments occurred when the brood was 15.56 ± 3.34 days old. Male parents that abandoned their brood did so significantly earlier than female parents. The age of brood abandonment by male parents was 6.5 ± 0.35 days, and 18.14 ± 3.77 days for female parents (t = −2.841; df = 6.174; P = 0.029).
DISCUSSION
The most striking finding of this study was the association between brood sex-ratio, brood age, and the relative provision of diurnal parental care by males and females. As broods age, females decrease the care they provide. This reduction in care is dependent on the sex-ratio of the brood with females decreasing care less when broods are male-dominated. Meanwhile, over time males increase their provision of parental care, but tend to provide more parental care when broods are female-dominated. Sex-biases in avian parental care systems have been reported for several other species where preferential care in young appears to be based on the young's sex and an indicator of fitness (e.g. size, coloration, hatching order and nesting environment) (Heinsohn et al. 2011; Barrios-Miller and Siefferman 2013; Romano et al. 2016 ). Many of these studies either cannot identify the sex of the parents (they are sexually Line of best fit and 95% confidence intervals (gray shading) from the GAMMs of brood sex-ratio and brood age on male and female parental care (separate models). Sex-ratios are: 0 = female chick/s, 0.5 = male and female chick, 1 = male chick/s; β ± SE are the coefficients ± standard errors; significant values are emboldened. The sex-ratio of zero is absent as it is used as reference variable.
monomorphic) or describe a parental care system where only one sex of parent mediates care in young based on sex (the other parent provisions young independent of sex). Fewer studies describe examples where both male and female parents adjust the level of parental care in relation to the brood sex-ratio (Harper 1985; Vega et al. 2007) . It is unclear whether parents' actually care more for young of the opposite sex, or are forced to care by their partners' decision to reduce care. Explanations for the underlying causes of the influence of brood sex-ratio on parental care we observed are perplexing, somewhat speculative, and require additional studies for confirmation. To our knowledge, only one other study describes a situation where parents preferentially care for young of the opposite sex (Harper 1985) . The aforementioned study on the altricial European Robin involves a small sample size (7), the sex of young was confounded with their size and the pattern only occurred in late season broods. Harper (1985) suggested that young of the opposite sex may represent a better investment; young of the same sex as the parent conceivably compete with the parent for future mates in our study system. Young of the opposite sex on the other hand will dilute the competition for mates, potentially making them a more prudent investment (Harper 1985; Lessells 2002) . The other possible explanation is that there may be a fundamental attraction by the parents to the opposite sex which manifests itself even for young birds, either based on mate selection or, for male parents, mate guarding (Birkhead 1979) . Indeed, we know of at least one mother-son pairing in a plover (Hooded Plover Thinornis cucullatus; Maguire GS, unpublished data) and cases of inbreeding have been recorded in the closely related Snowy Plover (Colwell and Pearson 2011) . Both of these possibilities require and warrant further investigation in the absence of more parsimonious explanations. In addition to the effects described above, the parental care roles we have characterized in the Red-capped Plover varied dramatically between the sexes, with: 1) female parents providing the majority of diurnal care while the brood is young with a steady decrease in care as the brood ages; 2) a late onset and subsequent increase in diurnal care provided by the male, culminating in the male providing the majority of care as the brood approached fledging; and 3) a strongly female-biased proportion of brood abandonments (78%). Our study reports a similar rate of brood abandonment to that reported for Kentish Plover (48%); but in contrast, abandonments by Kentish Plover occur far earlier (11.0 ± 1.6 days) and a higher proportion of females abandoned (98%) (Székely and Cuthill 2000) . Abandonments in the Red-capped Plover population occurred much later in brood-rearing, especially in cases where the female departed. Among the many differences between the studies and populations, the adult sex-ratio in our study population is close to parity (0.546; D. Lees, unpublished data), when compared to Kentish Plover (0.860; Kosztolányi et al. 2011) . Differences in adult sex-ratio in our study system relative to Kentish Plover likely contribute to a lower but still female-biased abandonment and may also contribute to female Red-capped Plover abandoning much later in brood-rearing (Székely and Cuthill 2000) . An adult sexratio closer to parity might mean acquiring a new partner could be much harder for female Red-capped Plover; the trade-off between abandoning the brood and remaining might then comparatively favor remaining Székely and Cuthill 2000) . Recent studies of Snowy Plover Charadrius nivosus revealed an adult sex-ratio of 0.632 was primarily caused by male-biased juvenile survival 51% higher than that of juvenile females (Eberhart-Phillips et al. 2017) . Sex-biases in juvenile survival may affect the value of young based on their sex and also explain the extreme male-biased adult sex-ratio in the Kentish Plover, and even the slight sex-ratio imbalance we report. In systems like the Snowy Plover, examining the relationship between contributions of each sex to parental care and juvenile survival may be a fruitful avenue of future research. Female Red-capped Plovers contributed the most parental care while the brood was young, steadily decreasing parental care as the chicks aged. Males, having comparably less involvement in care after hatching, steadily increase their care, eventually surpassing the care provided by females. Thus, there appears to be a complex temporal division of brood care between the parents, as there is for incubation in this species (females incubate by day, males by night; Ekanayake et al. 2015) . One possible explanation of the sex-specific trend in parental care of broods involves the higher detectability of colored males by diurnally foraging predators (Ekanayake et al. 2015) . Male Red-capped Plovers attract more visually foraging predators to nests than females, and it is possible that the same is true during the early chick-rearing period, particularly when chicks require frequent brooding (Ekanayake et al. 2015) . While chicks are young, with poor anti-predator capacities, males may stay away from the brood (at least by day), but are able to increase their care when survival prospects increase, later during brood-rearing. Our data show very little chick mortality after day 15 and none after day 25 (chicks fledge at approximately 35 days). This suggests a coincidence between the stabilization of chick survival and the increase in the relative contribution of males to parental care. Increased chick survival may result from enhanced anti-predator capabilities of the young (Jackson et al. 2009 ), meaning that any increase in brood conspicuousness conferred by the presence of the male does not then influence the survival of older chicks (Ekanayake et al. 2015) . In other species of this genus, daughters are more vulnerable to mortality than sons (Eberhart-Phillips et al. 2017 ) perhaps owing to sex-differences in chick growth rates or some other physiological limitation (Dos Remedios et al. 2015) . If sex-biased mortality is confirmed in this system, as it has been in the Kentish and Snowy Plover (Kosztolányi et al. 2011; Eberhart-Phillips et al. 2017) , female-biased broods could be especially vulnerable to predation in the early weeks of life, which could select for reduced attendance by brightly plumaged fathers (Ekanayake et al. 2015) . Perplexingly, we detected fathers increasing their care of female-biased broods, rather than remaining away from the brood, which with their bright and conspicuous plumage may in fact contribute to the mortality of female-biased broods. Regardless of whether males caring for female-biased broods should increase care or remain absent, our analysis of survival and mass at hatching revealed no difference between male and female chicks, suggesting this possibility does not apply here. Ideally, a test of brood survival with male-only and female-only care would occur; which would presumably involve removal of one parent.
Whether the transition in the role of parental care between the parents is forced by the female or a "negotiation" (Schwagmeyer and Mock 2003) between both parents is unknown. Over 6 years of monitoring, and intensive ringing, we have recorded only 2 cases of within-season divorce (both involving the same female) and 15 cases of within-season re-nesting with the same partner, a within-season divorce rate of 0.12 (Lees D, unpublished data; demonstrating fidelity requires capturing the male nocturnally and so is difficult). Thus, the possibility of both forced and negotiated changes in the contribution of care exist; however, the prevailing pattern of within-season fidelity to partner and multiple breeding opportunities suggests that the male may benefit from facilitating female capacity to re-lay. We note that we have no data on nocturnal care of broods.
We describe the first recorded case where both male and female parents increase their provision of care for sexually monomorphic precocial young of the opposite sex. Further research could usefully be vigilant for this effect, and test ideas regarding the mechanisms through which this occurs. 
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